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Hexaphenylcarbodiphosphorane [1, 21 (bis(triphenylphosphine)carbon, I) 
is a coordinatively unsaturated complex with a central carbon atom that can 
expand its coordination sphere by complexation to transition metals. The 
resultant complex II can potentially interact with coordinated ligands because of 

,_+PPhs 
&M-C<? 

PPh, X- 

(II) 

the high concentration of electron density on the carbon atom Q! to the transition 
metal atom. 

The interaction of nucleophiles with non-conjugated dienes which are 
coordinated to transition metals can give diene displacements, addition to 
olefinic bonds, or coordination of the nucleophile to the metal atom. with 
expulsion of anionic ligands. In contrast to the nickel triad, examples of 
nucleophilic attack on diene complexes of the cobalt triad are almost unknown 
131. We now report that I will induce self melalation** of Ir(COD)+PFs- (III)““* 
(COD = l&cyclooctadiene) and Ir(cyclooctene)z PFs- under mild conditions to 
form sr-allylic complexes. Thus a yellow-orange tetrahydrofuran (THF) solution 
of Ir(COD)+PFs-- becomes bright red and gives a white precipitate when treated 
with a THF solution of I in a l/l molar ratio, respectively. The precipitate is 
identified as [(C,H, )sP]zCH+ PFs- (V) by IR ((PF,-) 840 cm-‘) and NMR 
(60 MHz; in CDCls /CH, Cl*, TMS as internal standard) (0 1.70; t, J(PCH) 16 He 
1H); 7.62 (m, o-&Hs, 12H); 7.52 (m, m,p-CsH,. 18H). Removal of -excess THF 

*Presented ia pert at the Sixth International Conference ou OrgenometaUic Chemistry, August 1973, 
Amherst. Mesachusetts (U.S.A.). 

**Met&&on is described as the transfer of a hydrogen atom horn one carbon atom to another and 
replacement by a metal atom. albeit in this case ~~&ylic [4]. : 

** %he AgPF, must be absolutely dry: this was ascerrained by the absence of r(OH) 3500 cm-' in tine 
infraredsPe&rum C53. 
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after filtration gives a very air-sensitive red-orange solid VI (dec. 72-78”). The 
TEIF strongly coordinates to VI and cannot be completely removed by vacuum; 
an IR spectrum shows no presence of the PF, - ion (v 840 cm-‘) or I. Scheme 1 
is suggested to describe the metalation reaction. 

Ir+ PFg- It--CYi 
‘;;:pph, 

THF PF; 

mn 

SCHEME 1 G!I) 

The NMR spectrum of the red-orange solid in CH2C12 or DMSO-d6 shows 
peaks.which can be attributed to VI and THF (TMS inter+ standard), o(Hg) 
4.80 (t, J 6 Hz, 1H); o(HA) 3.92 (m, 1H); a[HC) 3.66 (m, 1H); I 2.28 (m, 1H); 
I 2.02 (m, 1H); ~(HD~,G) 1.0-2.2 (m, 6H). These NMR spectra are consistent 
in many respects to (Ir-cyclopentadienyl)($-cyclooctadienyl)iridium(I) com- 
plexes, especially if the chemical shift differences between cationic and anionic 
allylic comple_xes are taken into account [ 63 _ In addition, these NMR spectra 
correspond to olefinic manganese carbonyl complexes recently studied by King 
and Ackermann [ 73. 

The preparation of Ir(COD)’ PFs - in CH, Cl, followed by treatment with I 
giwes a blood-red solution whose NMR spectrum shows peaks which correspond to 
IV and VII. Vacuum removal of CH2 Cl2 followed _by addition of benzene_& 
gives a white solid V and a red solution of VIII (Scheme 2). NMR (in C6Ds, TMS 
as internal standard): o(HA) 5.35 (t, J 6 Hz, W); o(Hg) 4.39 (t, J 6 Hz, 2H); p(Hc) 
3.33 (t, J 6 Hz, W); o(HD,E)_ 1.9-2.16 (m, SH)*. 

A benzene solution of VI which was first prepared in THFand was stirred 
in benzene-&, showed NMR peaks attributable only to VI. 

The preparation of Ir(cyclootine)2+PF’6- (IX) was carried out in CH2Clz 
by the same method employed for Ir(COD)%‘F,-_ Treatment of IX with I in 
C& Cl, resulted in a yellow-brown solution. Vacuum removal of CH2 Cl2 fol- 
lowed by addition of C6Ds produced the white phosphoni-um salt V and a yellow 
solution of X (Scheme 3). 

‘Compound VIIf could only be isolated es a benzene sokate. EXeinental anal* reflect the p-ce 
ofl-2mokcuIes ofsssociatedbenzcne. 



c49 

SCHEME 2 ml3I) 

o\ I 
Ir+PF6- + Ph,P=C=PPh, 

CHpC12 

CY 

SCHEME 3 

+ 

The NMR spectrum of X (in CsD6, TMS as internal standard) exhibited the 
following resonances: o(HA) 3.60 (m, 3H); O(HBJ) x.9-2.5 (m, 8H); Q(HCJJ~,G) 
1.08-1.83 (m, 14H); u(HH) 6.25 (m, 2H). This agrees quite well with anallylic 
species such as X [ 71. 

When Ir(COD)+PF6-” 
Ir( COD)(T& Hs )+ PFB--, 

is treated with benzene to form the arene cation, 
followed by addition of I in a l/l molar ratio, no 

precipitate of V is obtained and no metalation observed. We propose that the 
treatment of III with I in THF or CH, CIZ gives a transient complex such as IV 
(the corresponding complex would be obtained from IX and I) which induces 
metalation of the coordinated cyclooctadiene. 

Although the process of hydrogen removal from the olefin ligand is not 
known, it is clear that the metal atom must remain coordin+ively unsaturated 
for metalation to occur, since treatment of Ir(COD)(lr-C6H6)+ PF6-=&th I does 
not produce V or VI. This could mean that a site on the metal atom is essential 
for the transfer of a proton from the olefin ligand to the coordinated carbodi- 
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phosphor&. Treatment of either l,&cyclooctadiene or cyclooctene with I does 
not result in abstraction of a proton from either olefin [S]. 

Acknowledgement 

The authors are grateful to the Petroleum Research Fund sponsored by the 
American Chemical Society for support of this work. 

References 

1 F. Ramirez. N-B. Desai. B. Hansen and N. Mi-Kelvie. J. Amer. Chem. Sot.. 83 (1961) 3539. 
2 G.H. Birum and C.N. Matthews, J. Amer. Chem. Sot.. 88 (1966) 4198. _ 
3 M. Green. T.A. Kuc and S. Taylor. J. Chem. Sot. <A>. (1971) 2334; P.M. Mai’Us, 1.~ ? Organic Chemistry 

of Palladium. Vol. I. Academic Ress. New York. N-Y.. 1971. p. 162. 
4 G-E. Coates and 11. Wade. Organometallic Compounds, Vol. I. Methuen and Co.. London. 1967. p. 46. 
5 R-R. Scbmckand J.A. Osbom. J. Amer. Chem. Sot.. 93 (1971,3089. 
6 J. Evans. B.F.G. Johnson and J. Lewis. J. Chem. Sot. Dalton. (1972) 2668: W. McFarlane. L. Pratt and 

G. Wilkinson. J_ Chem. Sot.. (1963) 2162; SD. Robinson and B-L. Shaw. J. Chem. Sot.. (1964) 5002. 
7 R-B. King and M-N. Ackennaxm. Inoz-g. Cbem.. 13 (1974) 657. 
8 R.R. S&rock and J. Osbom. Inorg. Chem.. 3 (1970) 2339: A. Greco, M. Green and F.G.A. Stone, 

= Chem. Sot. <_<) (1970) 285. 


